Diverse roles of metformin during peri-implantation development: revisiting novel molecular mechanisms underlying clinical implications.
Metformin is not only a widely used oral antidiabetic drug, which acts as an insulin sensitizer and suppressor of hepatic gluconeogenesis, but it also exhibits antitumor properties. Besides, it has been utilized in the treatment of polycystic ovary syndrome (PCOS) for infertile women with glucose intolerance and as a component of combination therapy to reduce early (first trimester) pregnancy loss or spontaneous abortion (SAB). Based on recent studies demonstrating its beneficial effects on mothers and the fetus, metformin is even recommended for later stages of pregnancy. Probing into the mechanism of action revealed that it can activate a stress modulatory pathway, none other than the AMP-activated protein kinase (AMPK) via LKB 1. It is well accepted that AMPK signaling plays a crucial role during implantation by combating stress in multiple ways. Stress factors commonly encountered during pregnancy are malnutrition, diabetes, and hypoxia, which may result in SABs or other complications. For instance, the elevated levels of insulin, which are a typical characteristic of hyperinsulinemic, obese, or PCOS patients, can impair the development of the blastocyst and the preimplantation embryo. Further, a severe hypoxic environment prompts early and untimely differentiation of the embryonic cells leading to abnormal growth and development. Therefore, the modulation of stress-related pathways could be pivotal in ameliorating such stress responses during implantation. Here we hypothesize a putative noncanonical pathway underpinning the role of metformin in high-risk pregnancies to counteract stress by recreating an in vitro replica of human implantation, engaging embryonic stem cells, trophoblast stem cells, and endometrial stromal cells in a three-dimensional scaffold.